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TITT ,F, OF THE 
ligands 



^Tim ; Meth ^ for the screening of a*-1 gubunjt binding 



This application is a Continuation of USSN 09/397,549 filed September 16, 1999; the 
5 entire contents of which are herein incorporated by reference. 

pici r> rur THF. INVENTION 

^-^Ta method for .he screening of ligands wn.cn b,nd a so,ub,e 
scented cental corrica, volrage-dependen. calcium channe, «S-1 subuni, polypepttde. 

10 B » ricr.nn.IND O" the INVENTION 

G abapen,in^amino.,hy,-cyc,ohe*a„e acetic acid, is cu^ndy comn— d f r *. 
trea.1. of epdepsy. Tbe compound has however been cognized as be.ng aUo useftrl for 
the treatment of pain and anxiety. 

,5 Recen. reports ba»e suggesred an interaction between gabapenrin and ft. snbnni. of a 
voitage-dependen. calcium ebanne. (VDCC). Bn. electro-physiologica, stud.es have 
yi e,dL conflicting da.a on .be acion of gabapennn a. VDCCs, even .hongb dre relevance 
of .he in,e ra e,ion of gabapentin a. .be a ; 8 snbnni. . *. clin.ca, u,i,uy of the dmg , 
becoming eiearer. However, none of .he pco.orype anriconvnisan, drugs d.splace 

20 [ 3 H)gabapenUn binding from .he tfcS-l subnnit. 

Tbe mos, fteouenrly nsed assay cnrren.iy available for .be screening of Ugands ma, bind 
th e «,8 snbnni. invoives rhe nse of pig membrane extracts as « sonrce of the a 2 8 — 
Snch an assay presents nrajor inconvenience. First.y, because the assay ma-eraa, .s a 
25 membrane exbach it is very diff.cn,. to accurate* deterntine the protein 

one assay preparation to another particniarly with regard to the subtype. Also, he presence 
of vari o„s impurities in the assay preparanon is a problem in sn.aU p,,e assay. 
Furthermore, as the protein preparation ,ac k s hontogeneity, the interacon between ^ 
^..d pr„.ein and the assay pbare is often quite uneven. This renders .he s— g of 
30 .be assay in a high .hroughput forma, almost impossible to ach.eve. 
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Summary of the invention 

The inventors have found that it was possible to use a soluble secreted form of a voltage- 
5 dependant calcium channel oc 2 8-l subunit polypeptide (hereinafter a 2 8-l subunit 
polypeptide) in an assay for the screening of ligands which bind the oc 2 8-l subunit. 

The exact position and configuration of the [ 3 H]gabapentin binding site on the <x 2 8 subunit 
is not currently known. Furthermore, recent deletion experiments on the porcine a 2 8-l 

10 subunit coding sequence have shown that amino-acids close to the C-terminal region are 
needed in order for the protein to bind [ 3 H]gabapentin. For this very reason, the use of 
truncated forms of the porcine oc 2 8-l subunit in screening assays has not been disclosed or 
suggested in the prior art because there was concern as to whether relevant levels of 
binding capacity would be achieved in an assay environment. 

15 The assay of the invention is of considerable interest because it confirms that a 
recombinant soluble secreted a 2 8-l subunit polypeptide can be used in high throughput 
a 2 8-l ligand screening. It also provides a useful advantage over the pig membrane extract 
screening assay as it allows the study of a 2 S-l subtype-specific binding ligands. Proteins 
can be tagged which makes purifying convenient and possible to use a tagged antibody for 

20 recognition. 

It was not clear whether the addition of the 6His tag to the C-terminus of the protein 
would affect the [ 3 H]gabapentin binding properties of a 2 8 

It was also unclear whether a C-terminally located 6His tag on oe 2 8 would be accessible for 
25 interaction with the Ni NTA chromatography matrix (for purification purposes) and SPA 
bead, or Ni flashplate well surface (for purposes of the assay). 



The invention concerns a method for the screening of ligands which bind a calcium 
channel oc 2 S-l subunit. 
30 The method comprises the steps of: 

- contacting a secreted soluble recombinant calcium channel oc 2 8-l subunit 
polypeptide with: 
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- a ligand of interest; and 

a labelled compound which binds a OC28-I subunit; and 
- measuring the level of binding of the labelled compound to the secreted soluble 
OC28-I subunit. 

5 

The invention also concerns a kit for the screening of ligands which bind a calcium 
channel OC25-1 subunit. 
The kit comprises: 

- a secreted soluble recombinant calcium channel oc 2 5-l subunit 
10 polypeptide; and 

- a labelled compound which binds a calcium channel ot 2 5-l subunit. 

Brief description of the figures 
15 Figure 1 represents the elution profile of the recombinant polypeptide with the amino acid 
sequence of SEQ ID No 9 purified by Superdex-200 chromatography, either before or after 
electron on NI-NTA. 

Figure 2 illustrates the optimization of imidazole concentrations in an embodiment of the 
20 SPA assay of the invention. 

Figure 3 illustrates the optimization of imidazole concentrations in an embodiment of the 
flashplate assay of the invention. 

25 Figure 4 illustrates the flashplate time course of [ 3 H]gabapentin binding to various 

concentrations of the recombinant polypeptide with the amino acid sequence of SEQ ID 
No 9. 

Figure 5 illustrates the capacity of the recombinant polypeptide with the amino acid 
30 sequence of SEQ ID No 9 in a flashplate assay after 3 hours of incubation. 
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Figure 6 illustrates the optimum imidazole concentration, assayed after 3 hours of 
incubation, required to maximize [ 3 H]gabapentin binding using a constant amount of the 
recombinant polypeptide with the amino acid sequence of SEQ ID No 9. 

5 Figure 7 illustrates flashplate assay of [ 3 H]gabapentin saturation binding to the purified 
recombinant polypeptide with the amino acid sequence of SEQ ID No 9, assayed after 3 
hours of incubation. 

Figure 8 illustrates the flashplate time course optimisation of imidazole concentration 
required to maximize the [ 3 H]Leucine binding window to to the purified recombinant 
10 polypeptide with the amino acid sequence of SEQ ID No 9, assayed after 3 hours of 
incubation. 



Figure 9 illustrates competition curves of three compounds in the flashplate assay format, 
assayed after 3 hours of incubation. 

15 

Detailed description of the invention 

The invention concerns a method for the screening of ligands which bind a soluble secreted 
CX25-1 subunit polypeptide. The term OC25-1 subunit polypeptide, when used herein, is 
20 intended to designate a structure containing two polypeptides (ot2 and 8) attached to one 
another by covalent desulfide bridges. More particularly, the targeted a 2 8-l subunit 
binding site is preferably the [ 3 H]gabapentin binding site. The various parameters of the 
method of the invention are described in further detail below. 



25 A - Secreted soluble recombinant oc?8-l subunit polypeptide 

Several nucleotide sequences encoding a secreted soluble form of an OC28-I subunit can be 
used in the context of the present invention. Preferred soluble secreted CX28-I subunit 
polypeptides are derived from eukaryotic oc 2 8-l subunits, more preferably from mammal, 
such as mouse, rat, rabbit, porcine, bovine or others and human OC28-I subunits. Most 
30 preferred soluble secreted OC28-I subunit polypeptides are derived from the human or 
porcine OC28-I subunits. 
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More specifically, the selected nucleotide sequences encode a secreted soluble polypeptide 
having at least 80%, preferably 90%, more preferably 95%, and most preferably 98 or 99% 
amino-acid identity with the polypeptide comprising from amino acid 1 to between amino- 
5 acids 985 and 1054, preferably between amino-acids 985 and 1059, and most preferably 
between amino-acids 1019 and 1044 of SEQ ID NO:5 or SEQ ID NO:16. 
In order to determine the optimal deletions on the ot25-l subunit cDNA that yield a soluble 
secreted polypeptide devoid of membrane anchorage structures and having a functional 
[ 3 H]gabapentin binding site, the inventors tested the expression of several human or 

10 porcine (X28-I subunit cDNA deletion mutants. The discussion provided below provides 
detailed comments on possible truncations, giving as an example the porcine OC28-I 
subunit. However, given the very substantial cross-species homology for OC28-I subunit 
sequences, the comments below can also be applied o other eukaryotic species, and more 
particularly other mammation species such as the rat, the mouse or the rabbit. Their (X25-1 

15 subunit sequences, which are available in public databases, share a very substantial 
homology with the human and porcine 0X28-! subunit sequences. 

The inventors found that by deleting from the porcine (X28-I subunit cDNA a nucleotide 
sequence encoding as much as amino-acids 967 to 1091 of the native protein, soluble 
polypeptides could be obtained. On the other hand, the minimal deletion required to 

20 achieve solubility appears to be located around nucleotides encoding amino-acids 1064 to 
1091 of the sequence of SEQ ID NO:5. In this regard, the mutant polypeptide expressed 
using a cDNA deletion mutant from which a sequence encoding amino-acids 1064 to 1091 
is removed is found in both soluble and membrane-associated forms, with [ 3 H]gabapentin 
and/or other derivatives or compounds such as pregabalin and gabapentoids binding 

25 properties similar to that of the wild type protein. Furthermore, a mutant protein expressed 
using a cDNA deletion mutant from which a nucleotide sequence encoding amino-acids 
1085 to 1091 is removed recovers its membrane anchorage properties. Also, mutant 
proteins expressed using cDNA deletion mutants from which nucleotide sequences 
encoding either amino-acids 1037 to 1091 or amino-acids 1019 to 1091 of SEQ ID NO:5 

30 or 16 are removed are found in soluble form. 
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The mventors believe tha, the soluble seeded a*, subani, polypeptides which are as 
elose as possible ,o ,he native sequence and which are therefore more likely ,„ retain their 
native fo.ding and hence their ftflgabapentin- binding properties are those corresponding 
<o a protetn ,„ which antino-acid stretch 985-1091 ,„ 1074.1091, the antino-aeid sequence 
5 of SEQ DO NO:5 or ,6 has been deleted. The skilled scientist can quite easily define 
withtn thts amino-acid stretch the optimal mutant protein. 

The invention therefore particularly concents a screening assay in whieh the 
secreted soluble a ;5 , subuni, polypeptide is preferably a polypeptide having a, least 80% 
tdenttty witb the polypeptide comprising from ammo-acid I to between amino-acid 985 
and 1054, preferably between ammo-acids 985 and 1059, and most prefetably between 
amino-acids ,0,9 and ,064 of SEQ ID NO:5 or SEQ ID NO:,6.Prefereed « 2 6-I snbnni, 
polypepttdes which can be used in me present invention are those of SEQ ID N»6 7 8 9 
13, 14 and 15. with the polypeptides of SEQ ID NO:9 or SEQ ID NO:,5 being most' 
15 preferred. 



In a first and preferred embodiment of the invention, the «*) subuni, polypeptide is 
purified before i, is used in the assay. The purification s,ep, an examp,e of whieh is 
20 provtded funher in this specification, can be canied on, using severe, purification 
techniques well-known to the skilled person. 

In some instances, i, is required ,„ tag the a 2 5-, sublmil polypeptja , priof ,„ pu 
The tag ,s then in most instances encoded into the nucleotide sequence tat is needed to 
express the polypeptide. Examples of such tags include, bu, are no, limited ,„ sequences 
encoding C-myc, FLAG, a sequence of histidine residues, heamaglutin A, V5, Xpress or 
GST. Most of these tags can be incotporated directly into the sequence, for instance 
drreugh pcr amplificati0 „ by incMporat . ng [he appropnaK cod . ng ^ ^ ^ ^ 

PCR amplificauon primer, However, the tag can also be introduce* by other means such 
as covalen, binding of the appropriate nucleic acid sequence encoding the tag moiety with 
me 5- ot 3' end of the nucleic acid sequence encoding the peptide sequence. This is the 
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case for GST. It should be noted that the tag can be located at either end of the polypeptide 
sequence. Furthermore, in some instances, it can be advantageous to insert a cleavage site 
between the tag and the polypeptide sequence in order to permit removal of the tag 
sequence if needed. 

5 

In other cases, providing a tag to the polypeptide is not needed. For instance, the protein 
can be purified using affinity columns loaded with specific monoclonal antibodies. 

In a second embodiment of the invention, the cx 2 5-l subunit polypeptide can be only 
10 partially purified. For instance, it can be purified along with other contaminating proteins 
using an appropriate chromatography matrix such as ion-exchange chromatography 
column. In such instances, it is not required to tag the desired polypeptide of interest. 

The most preferred embodiment contemplated by the inventors concerns the use of a 
15 purified tagged cc 2 5-l subunit polypeptide. A particularly preferred tag is a nucleotide 
sequence encoding from 2 to 10, and preferably 6 histidine residues as provided in the 
polypeptide of SEQ ID No 9. 

With regard to the ot 2 5-l subunit polypeptide used subsequently in the screening assay of 
20 the invention, several possibilities are also open to the skilled person. 

In a first and preferred embodiment, the a 2 5-l subunit polypeptide comprises a tag moiety 
which can be selected among the tags referred to above. Such tagged polypeptides are 
particularly useful in SPA or flashplate assays. A preferred tag is the nucleotide sequence 
25 encoding histidine residues referred to above. 

In a second embodiment, the a 2 5-l subunit polypeptide can be used without a tag. This is 
the case for instance in SPA or flashplate assays comprising beads or plates coated with 
wheat germ lectin. In such an embodiment, the tag is not needed as the carbohydrate 
30 moieties of the ot 2 8-l subunit polypeptide bind directly to the wheat germ lectin-coated 
beads or plates. 
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B - Labelled compounds which bind the a ->S-1 subunit polypeptide 

In cases where the a 2 5-l binding site is the [ 3 H]gabapentin binding site, the preferred 
labelled compound which can be used is of course gabapentin itself. However, gabapentin 

5 is not the only labelled compound which can be used in this context. Indeed, it has been 
previously demonstrated that saturation binding analyses on porcine synaptic plasma 
cerebral cortex membranes performed in the presence of L-leucine indicate a competitive 
interaction of the amino acid with the [ 3 H] gabapentin binding site, significantly reducing 
t 3 H]gabapentin binding affinity for the site. The inventors believe that this competitive 

10 interaction is true across across all the amino-acids listed in table 1 below. 



Table 1 

Binding affinities of selected amino acids (IC 50 <500nM) for the [ 3 H]gabapentin site in 
15 porcine cortical membranes 



Compound 


IC™ fNlVD ARITHMETIC MEAN (N=3) ± S.E.M. 


Gabapentin 


42.1 ±5.5 


L-Norleucine 


23.6 + 6.7 


20 L-Allo-Isoleucine 


32.8 ± 6.0 


L-Methionine 


49.6 ± 10.0 


L-Leucine 


61.3 + 20.9 


L-Isoleucine 


68.8 ± 1.9 


L-Valine 


330 ± 18 


25 L-Phenylalanine 


351 ±89 



It is therefore possible to use commercialy available labelled forms of these high affinity 
ligands in replacement of gabapentin. The utility of [ 3 H]L-leucine has been demonstrated 
in a filter binding assay and in a flashplate assay format. The inventors believe that labelled 
30 amino acids but also other compounds, with affinities preferably below 500 nM in the 
binding assay can be used as replacements of gabapentin. 



Utility Application 



A0000179-C1-66-: 




With regatd ,0 ,he label, several embodiment can be used in me context of me invention 
Preferred labels are of eonrse radioactive labels, a lis, of which is provided farmer in mis 
specification. 

5 

C - Assay formats and conrfi.im. g 

Several assay formats can be used ,„ carry on, ,he merhod of the present invention 
Preferred assay formats inelude scintillation assays sneh as the scintillation proximity 
assay (SPA) or the flashplate assay. Other assay format well known ,„ those skilled in the 
10 atts such as the filter binding assay and the eennffngation assay ace also contented ,„ 
the present invention, 

SPA and flashplate assays are pnefetred assay formats for the pres e„t invention. Additional 
details on these assays are provided below. 



15 



Scintillation as say format 

Scintillation assays technology etther involves the use of scintillan, beads (for the SPA 
assay, or plates (for the flashplate assay,. SPA heads a™ usually ntade from either cerium- 
doped yttrium ion silicale (y2Si05:Ce) (pyT) ^ _ 

20 scintillan, such as PPO. Flashplates eontmonly used am those such as Ni chelate 
flashplates although other flashplates can also be used. 

Assays a* usually catried out in aqueous buffers ustng radioisotopes such as 5 H » c 

S or P that emit low-energy radiation, the energy of which is easily dissipated in an 
aqueous environment. For example, the electrons emitted b y 3 H have an average energy 
of only 6 keV and have a very short path length (-1 -tm) in water. !f a moleenle labelled 
wuh one of these isotopes is bound ,„ the bead o, flashplate sutfaee, either directly or via 
tnteracton with another molecule previously coupled to the bead or flashplate, the entitted 
radtation will activate the scintillan, and produce light. The amount of light pro d„ ce d 
30 whtch is proportional to the amount of labelled molecules bound to the beads, can be ' 
measured conveniently with a liquid scintillation (LS) counter, .f the labelled molecule is 
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« attached ,„ the bead or a flashy surface, its radiation energy is nbsorbed by rhe 
surrounding a , ueous s0|ve „, before „ ^ fte ^ ^ ^ ^ . ^ . 

bound bgands give a sci„,i, la ,io„ signal, bnt free ligands do n ot , and the need for a time- 
consurntng .pararion s,ep, characrensric of conventional radioed binding assays is 

n \ mmiPU,aUO " S ^ i ^---^,oa fe ws4 P ,;: g 
steps leadmg to better precision and reproducibility g 
The conditions under which SPA and flashplate assays are performed in the context of the 
present invention are provided below. 

10 Scintillation assav cnni uti nnc 
1) SPA assay 

bTdaT 7, " deVe ' 0Ped '° ° P,imiZe "* COndi "°" S MdCT «** *■ ^oHgand 
b, d the subnni, p„,ype ptide . n , p_ which ca „ ^ ^ J 

-oligand binding in . ,yp ica , SPA assay „ si „ g ^ ^ 

— re , « j5 , snbnnnpoiypepri,. i„ ttraction wilh the ^ fc ' 

radioligand concentration as well as pH varian'ons. 

TTe .empire a, which the assay can be carried on, can vary from , to 30 °C. ^ 
.emperamras range f rom „ t0 2rc , wil „ ^ ^ fc _ £ 

20 tmeractton o, the a*, snbnni, peptide with the SPA ^ h ^ '^ 

- concen.ra.ion of ,e po.ypep.ide and by i„, rodoc i„ g . 

When 50 mg of Amershnm SP A beads a, nsed, d, ^, subunit 
polypeptide concentration may varv from n . in 

ay vary trom 0.1 to 10 pmoles per well, with .he optimal 

co„ce„,ra„„„ b.i„ g generally around 5 to 6 pmoles per well. 



A f r d* reagent favoring [he inlerac(ion beiwMn fc ^ subunj( 

-ohgand as well as tbe Amersham SPA * a ds, me inven.ora found ,h a , imidaaole could 
e efficiently ase d for ma , pmpose whe „ fc ^ ^ ^ 

amtno ac, ^nence inching a bistidine rasidues. Pnrmermore, and more importantly it 
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The opdma, concentrafion of imidazole used to enhance radioligand binding vanes 
depending on , he co„ee„ tr a ti o„ of o*l sub„„i, polypeptide used in fc as$ay pof 
■"stance, when the concentration of ,he « 2 S-, subnni, po lyp<!ptide „ about 2Q 
POW „,,„„ of 0.6 pmoW), imidazole concenlra , ions ^ ^ 
«M can be used, with concentrations ranging between 10 and 30 mM being prefer^ A 
mos, preferred imidazole concentration is 20 mM . „ is t0 be noted that other compounds 
such as htsddine can be used ,o enhance radioiigand binding. Fmhemore , pH ^ 
can also mfiuence radioligand binding although pH variations should be closely mo „i,ored 
as rhey may have an effect on the s, ra c,ural configuration of the of a*, snbnni, 
polypep de. Also the use of imidazole is prefer to enhance rad.oltgand binding, me 
Person s k „,ed ,„ the ar, fcnow ma, the nse of imidazoie is prefemed bn, is absojy no, 



Tlte concentration of me radioligand is evaluated wim respec, ,o me concentmtion of a 2 8, 
s-burn, polypes present in the assay ^ ^ fc 

radtohgand vanes from , „M to ,00 „M. A prefened ft,)gabapen,i„ eoncentration ,s 
*m 5 ,0 20 „M. with a mos, prefemed concemradon being abou, ,0 „M. A preferred 

20 It ™ tion is ais ° abou ' 5 *° 20 nH wi,h a m « «— 

20 betng abou, ,0 „M. „ is ,o he no,ed ,ha, ,he e„„ce„,ra,io„ of omer radioligands having 

zr:r those of [3Hisabapen,in ^ — - - - - - - 

25 Trr? radioii8and binding condi,i ° ns have ^ * * - ^ - <* 

mtroduced ,„ the assay medium ,o eva,„a,e me level of displacement of me radioligand 
Tire concerns 0 f ,es, ligand ,o be in,rod„ced in ,he assay medium usuafiy vafies from 
0.1 nM toabou, ,00 pM. A prefened tea, ligand eo„oe„,ra,io„ of abou, ,0pM is „sua„y a 
s^ng point i„ a high throughput seining assay. Then, depending on me number of hi, s 
obtained, it may be lowered or increased. 
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It is to be noted that the parameters set forth above, which have been evaluated for a 
typ.cal SPA assay using Amersham SPA beads can be adjusted by the skiHed person for 
example if SPA beads of a different type are used. 

5 2) FlashDlatP accay 

SMiariy ,„ tite SPA assays, the flashy can fi re , be developed in order ,„ optim|K ^ 
condttions under „ hich , he radi0|jgaiid b . nds fc ^ submit ^ 

parameiers which caa be varied to optimize radiotigand binding in a typica, Aashplate 
assay usiug NEN Ni cheiate flaahpia.es a,so inciude assay tempers, a* subun, 
poiypepndc imeraccion wiu, hod, tbe radioed and ,h= flashpia.es, nadio,i S a„d 
concentration as well as pH variations. 

The ,e mp erat„ re a, wh.ch ,he assay can be carted on, can vary from , ,o 30°C Prefer 
u temperature* range from ,8 ,„ 23°C, with 2,°C bemg the m0 s, preferred ,empera,ure. 

The inaction of ,he a*, snbnni, polypeptide witi, tine flashpia.es can be optimized by 
adjusnng ,he concentration of ,he polypeptide and by i„, roducing . reagem which „,„ 
favor Ms inaction. When a shandy NEN Ni che,ate flaahp,a tt is used, ,he « 2 6-, 
snbnni, polypeptide vo, um e nsnally varies be,wee„ 0.5 and 20 p, for a concen«o„ at 
«M snbnni, ^ of 0 . 6 pmol/ul . As [he p „ b|ished ^ 

NEN plates is about 6 pmol per we „, m e i„ve„,ors consider ,ha, an optima, co„ce„, ra tio„ 
of 0(20-1 subunit polypeptide is probably around 5 pmol per well a, 8pl. 

25 " ° f imidaZ °' e " '° entanCe rad '° li8and bindi "^ «» P— «W 

,he an know ma, ,he use of imidazole is preferred bn, is absoiuuely no, essential 

Wdh regard ,o me reagen, favoring me ,„,erac„„n be,ween ,he a 2 8, snbnni, polypeptide 
and me radiobgand as we,, as ,he flaahpla.es, ,he i„ven,ors fonnd ,ha, imidazole conld also 
be efficientiy US ed f„ r , ha , purpose when tine a 2 6-, subuni, p„,ypep,ide , s Kggsd w i,h an 
ammo acid „ including 6 histidine residues. It was a,so found ,ha, imidazole 
concentration subahantially enhance, binding of , he radloligand 10 lhe ^ ^ 
Tbe opuma, concenbation of tmidazole used ,„ enhance radioligand binding varies 
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depending „„ me concenbranon of „ 2 5-, submil polypeptide used h ^ 

~ V0 ' UmC ° f fe — « Po-ypepnde is abou, ,0 „ p, (a ,5, 
Po ypep,, e „„„ of „, pmol/ul) , fc op(ima] ^ J * 

*.ween a nd 20 mM , wiln . concenlration „ ^ ^ ^ 
5 n,e„,,„„ed p reviously , other compounds ^ as ^ ^ J • As 

used io enhance radioligand binding. noons may be 

ittt ,he radioiigand is evaiMed •* -» » - — - - <* 

*- 5 » 20 „M, wnb a most p^ed concen.ra.ion being abou, ,0 „M. A pref e TC d 

HJiencne c„„ce„,ra,io„ is aiso abou, 5 ,o 20 „M, wi,b a most prefeTCd 
oe,ng abou, ,0 „M. „ is ,o be „o,ed ,ba, ,be concents of o,bec ^n m 7ZZ 
affinities s milar to those nf r 3 w,„oi, • . i <-"'6<*nas navmg 

' 18 aPeMm ^ 1 HIIeUdne Sh ™ ld "» «» - * ™,e of 



8 8 conditions have * * - - <* 

■n oduced ,„ ,be assay m eo, um t0 evaloate ^ ^ rf 

2 o o ;;,T°r ,esi ,igand ,o * imroduced in ,he as - -»* — - 

obtained, it may be lowered or increased 

I ;~r, t ,he dispiacement ° f a " rM '^ 

25 ex * ' ) ' 3 " iS0 ' >U,y ' gSba ^ * *• Provide, in ,he 

25 xanapies wb,cb foiiow Cearty sbows ,ba, ,be assay can be used in b gb lhrou ^ 
competition studies 6 »'™ugnput 
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Construction of a nnHonriH* 




5 PCR primers were designed to generate the soluble porcine a 2 8-1 b de.etion mutant of SEQ 
ID NO:9 as follows: 

5' PCR primer: This was designed to engineer in a KOZAK translation initiation 
consensus sequence prior to the coding sequence (Kozak75C266 19867-19870) 
3' PGR primer: This was designed to engineer in six histidine residues followed by a stop- 
10 codon at the desired location in the coding sequence. In addition to the stop codon the a 2 5- 
1 primers also included an Eco RI restriction site. 

The bold region in each primer sequence denotes the 'tagged' region; addition of 

sequences not present in the template. Primers were custom synthesized by Perkin Elmer 

15 Applied Biosystems UK to the ABI ready pure grade, supplied lyophilized then 

resuspended to 15 ,M in lOmM TE. JB189 and 195 were provided without 5' phosphate 
groups: 

5' primer JB189 (S'-TCOCCACCATGGCTGCTGGCTGCCTGCTG-a., SEQ ID N0!20 , 
ltZ mm ^ ' "^^^^^^^^^^^*^^^*^^**' , '**'''*^AAACACCACCACAGTCGGT-3 ' , SEQ 



20 



25 



b) PCR protocols for the ^nnrntion of th. de i etion mnhmf 
1) Generate nft h » r r^ pnrr| . ||( |( ^_ (+) prR fpm p , Qfo 

An oligo dT-primed XgtlO porcine cerebral cortical cDNA library was screened by ECL 
(Amersham) using a 2,381 -bp Hindlll fragment (coding sequence 268-2649) of the rabbit 
skeletal muscle <x 2 8 clone (pcDNA3-Rab-a 2 8-( + ) (supp,ied by Neurex) as the probe 
A positive insert was identified and subcloned into pBluescript-SK-( + ) to generate pB-PC- 
0*1.1. The clone was sequenced on both strands, except for a 71 1-bp stretch at one end 
of the clone, which had a high degree of homology to mitochondrial C oxidase 
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The a 2 8 coding region was homologous to the 3 1 region of the human neuronal cc 2 8 
sequence but lacked 926 bp of 5' coding sequence. The missing sequence was obtained by 
5 '-RACE using total RNA prepared from porcine cerebral cortex. RACE was performed 
across a Bgl I site unique in known oc 2 8 sequences (rabbit (accession no. M21948)), rat 
5 (accession number M8662 1 ), human (accession no. M76559) 

The sequence derived from the 5' RACE product was used to design a primer (JB042 5'- 
GGGGATTGATCTTCGATCGCG-3 '; SEQ ID NO:,8) specific for the 5 '-untranslated end 
of the cDNA. PCR was then performed with PJu DNA polymerase using JB042 and a 
primer downstream of the Bgl I site (JB040, CTGAGATTTGGGGTTCTTTGG, SEQ ID 
10 NO: 19). 



The PCR product was ligated to Eco Rl linkers (5'-GGAATTCC-3') and then digested with 
Eco RI and Bgl I The 1 ,564-bp fragment (5' portion of the a 2 5 cDNA) was gel-purified. 

15 Similarly, a 2,303-bp fragment (3' portion of the oc 2 8 cDNA) was isolated after digestion of 
pB-PC-a 2 8-l. 1 with Bgl I and Eco Rl. The two fragments of a 2 8 cDNA were then ligated 
to EcoRI-digested pcDNA3 in a three-way ligation. A clone was picked with the full- 
length cc 2 8 sequence in the positive orientation with respect to the cytomegalovirus 
promoter (pcDNA3-PC-oc 2 8-(+)). 

20 

2) PCR protocol 

The following reagents were added to obtain two cocktails labelled 'lower' and 'upper' 
buffers. 

Lower ^ 
25 1 Ox Pfu DNA polymerase buffer 25 

lOmM dNTP's 5 

1 00ng/nl pcDNA3-porcine-a 2 8-(+) 1 0 

15HMJB189 8.5 

15nMJB195 g.S 
30 H 2 0 193 
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Upper ^ 
10x Pfu DNA polymerase buffer 25 
H 2 0 220 
2.5units/jj.l Pfu DNA polymerase 5 

5 

50ul aliquots of lower buffer were added to each of four 0.5ml eppendorf tubes. To each 
was added one PCRgem 100 ampliwax bead (PE biosystems). Tubes were heated to 80°C 
for 2 minutes then cooled to 4°C. 50^1 of upper buffer was then added to each tube. Tubes 
were then cycled on a Stratagene Robo-Cycler according to the following conditions: 98°C 
10/1 min 30sec, followed by: for 20 cycles 98°C / 45sec, 54°C / 2min, 72°C / 6min, followed 
by: 72°C / 20min, followed by: hold at 4°C. 

The 3228bp PCR product was then purified on a QIAquick PCR purification column 
(Qiagen) and eluted with 61 U of H 2 0. The following reagents were added to the eluted 
15 DNA: 0.7M1 lOmM ATP, 7^1 lOx Polynucleotide Kinase buffer, 10 lunit/Rl 
Polynucleotide Kinase. 

The above 5' phosphorylation reaction was incubated at 37°C for 1 hour. The reaction was 
stopped by incubation at 65°C for lOmin. The 3228bp 5' phosphorylated PCR product was 
20 then gel purified from a 1 % agarose gel using QIAEX (Qiagen) beads and eluted in -50*11. 



Example 2 

Cloning of the PCR fragments of Examnl, 1 the Bacnlnvim, t^t* 
pFastBacI 

25 The PCR products of Example 1 (3228bp JB189/JB195 derived PCR product coding for 
6His tagged porcine a 2 6- lb: SEQ ID No 9) were cloned into Stu I digested, calf intestinal 
phosphatase dephosphorylated, phenol chloroform extracted and QIAEX gel purified 
pFastBacI (Life Technologies) using the Rapid DNA ligation kit (Roche Diagnostics) 
transforming XL 1 -blue (a 2 6-lb) K Coli cells: 

30 
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a) Screening for positive recombinants 

Given that the PCR product was cloned by blunt-end ligation a screen was required to 
select a recombinant with the gene ligated in the positive orientation with respect to the 
polyhedrin promoter in pFastBacl. This was achieved by restriction digest of miniprep 
DNA (Qiagen miniprep kit) prepared from colony minicultures and analysis on a 1 % TAE 
agarose gel. A positive clone was identified according to the following digest patterns: 

SEQ ID No 9 in pFastBacl 
Eco RI digest performed on miniprep DNA 

Predicted fragments (bp) 
PCR product cloned in a positive orientation 4773 and 3230 
PCR product cloned in a negative orientation 7989 and 14 

b) Sequencing analysis of selected rlnnps 

1 5 One positive was selected for this clone and used to prepare a plasmid DNA stock of the 
desired construct (QIAGEN maxi kit). Confirmatory sequence reactions were performed 
using the Big Dye terminator sequencing kit and run on an ABI 310 Prism Genetic 
Analyzer. Sequence analysis of both coding strands was performed using a selection of 
sequencing oligonucleotide primers and has yielded the following results- 

20 

Sequencing of pFBac-Porcine-s-a 2 5-l-A1040-1067-6His confirmed that the insert 
sequence corresponded to the nucleic acid encoding the polypeptide of SEQ ID No 9, 
except for the deletion of two bases from the 5' end of the 5' PCR primer (JB189). The 
loss of these two bases did not have any impact on the 5' end of the gene as the KOZAK 
25 translation start-site consensus sequence (GCCACC) starts immediately after this deletion. 

Example 3 

Protocol for estahlishinp h.q,lovirus hanks for ,h. »v Dress ion of th. ^§_j ^ 
mutant of SEP ID NO:9 

30 Essentially, the protocol used to generate the baculovirus banks is that outlined in the Life 
Technologies Bac-to Bac™ baculovirus expression systems manual. 
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a) Transpos ition of DHlOBac E Coli cells 

One ng (5*tl) of the recombinant pFastBac- 1 construct containing the nucleotide sequence 
encoding the porcine oc 2 5-l deletion mutant of SEQ ID No 9 was added to 100*11 of 
5 DHlOBac cells thawed on ice. The cells were then mixed gently by tapping the tube then 
incubated on ice for 30minutes before heat shock treatment by incubation in a 42°C water 
bath for 45 seconds. The mixture was then chilled on ice for 2 minutes before the addition 
of 900*il of S.O.C. medium. The mixture was then placed in a shaking incubator (200rpm) 
at 37°C for 4hours. The cells were then serially diluted (10 fold dilutions from 10 ' to 10" 3 ) 
10 and 10*tl of each dilution plated on LB agar plates containing 50*tg/ml kanamycin, 7*ig/ml 
gentamicin, lOpg/ml tetracycline, 100*ig/ml Bluo-gal and 40*tg/ml IPTG. The plates were 
incubated at 37°C for between 1 and 3 days until discrete colonies of blue and white colour 
were discernible. 

15 b) Isolation of recombinant DNA 

White colonies (containing the recombinant bacmid) were picked and grown for 24 hours 
(to stationary phase) at 37°C with shaking (200rpm) in 2ml of LB containing 50*tg/ml 
kanamycin, 7*ig/ml gentamicin and lOpg/ml tetracycline. 1.5ml of culture was then 
transferred to a microfuge tube and centrifuged at 14,000xg for lminute. The supernatant 
20 was removed and the cells resuspended gently in 0.3ml of 15mM Tris-HCl (pH8.0), lOmM 
EDTA, lOOpg/ml RNase A. 0.3ml of 0.2N NaOH, 1% SDS was then added and the 
mixture mixed gently before incubation at 22°C for 5 minutes. Then 0.3ml of 3M 
potassium acetate (pH5.5) was added and the sample placed on ice for 10 minutes. After 
centrifugation at 14,000xg for 10 minutes the supernatant was transferred to a tube 
25 containing 0.8ml of isopropanol, mixed then placed on ice for 1 0 minutes before 

centrifugation at 14,000xg for 10 minutes. The supernatant was then discarded and the 
pellet rinsed with 0.5ml of 70% ethanol before centrifugation at 14,000xg for 5 minutes. 
This 70% ethanol rinse was then repeated before removing all of the supernatant and air 
drying the pellet for 1 0 minutes at room temperature. The pellet was finally resuspended in 
30 40*ilofTE. 
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c) Transfection nf sf 9 cells with the recombinant bacmid DNA 

A 6-well tissue culture plate was seeded with 0.9x1 0 6 sf9 cells (cells at log phase having 
grown from a culture passaged at 0.3x1 0 6 cells/ml) per 35mm well in 2ml of Sf-900 II 
SFM media containing 50units/ml penicillin and 50ng/ml streptomycin. Cells were left to 
5 attach at 27°C for 1 hour. Bacmid DNA prepared as described above (5ul) was added to 
200uJ of Sf-900 II SFM media containing 6ul of CELLFECTIN and mixed before 
incubation at room temperature for 45 minutes. The cells were washed once with 2ml of 
Sf-900 II SFM media without antibiotics then 0.8ml of Sf-900 II SFM media was added to 
each tube containing the lipid-DNA complex. The wash buffer was removed from the cells 
10 and the 1ml of diluted lipid-DNA complex overlaid on the cells. The cells were incubated 
for Shours at 27°C after which time the transfection mixture was removed and 2ml of Sf- 
900 II SFM media containing 50units/ml penicillin and 50ug/ml streptomycin was added. 
The cells were then incubated for 72 hours. 

1 5 After incubation for 72 hours the media was removed from the cells and centrifuged at 
500xg for 5 minutes. The supernatant was then transferred to a fresh tube, this was labelled 
as the P0 bank and stored at 4°C in the dark. The PI bank was prepared by passaging sf9 
cells at approx 5xl0 6 cells/ml to 2xl0 6 cells/ml (100ml in a 250ml Erlenmeyer flask) and 
adding 0.5ml of the P0 bank harvested above. The cells were then incubated shaking 

D (200rpm) at 27°C for 4 days. Under sterile conditions the culture was centrifuged at 500xg 
for 10 minutes and the supernatant 0.2uM filtered (PI bank). The P2 bank was prepared by 
adding 2ml of PI bank per 400ml culture (in 1L Erlenmeyer flasks) passaged as above to 
2xl0 6 cells/ml. The culture was incubated as before for 4 days and the supernatant 
harvested and filtered as described for the PI bank. The supernatant was first pooled then 

i aliquoted (10ml) and stored at 4°C. 

Example 4 
Protein expression 

To sf9 cells passaged from ~5xl 0 6 cells/ml to 2xl0 6 cells/ml in Sf-900 II SFM media was 
added 0.1ml virus per 100 ml of cells of the appropriate viral bank (400ml volumes in 1L 
Erlenmeyer flasks). The cells were then cultured for 4-5 days at 27°C with 1 10 rpm 
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shaking. Expression of the protein was confirmed by SDS-PAGE and Western blotting 
using an anti penta-His monoclonal antibody (Qiagen) and was detected in the culture 
supernatant and cell lysate. 

5 Example 5 

Purification of c ^ldejetion mutant of SEP ID NO:9 

The 026-1 deletion mutant of SEQ ID NO:9 was purified from the cell lysate following the 
purification strategy outlined below: 

The culture was centrifuged at 6,000xg for 10 minutes and the supernatant removed. The 
10 weight of the cell pellet was determined before re-suspension in 20mM Tris pH8.0, 
lOOmMKCl, 1% P40-Nonidet (100ml per 20g of wet cells). A protease inhibitor cocktail 
(Sigma Cat# P8849), lml/L, was added to the mixture. The solution was then stirred for 10 
minutes before centrifugation for lhour at 30,000xg and 4°C. The supernatant was 
concentrated (30kDa cut off) to approx. ~300ml then centrifuged for lhour at 100,000xg. 

15 

Supernatant containing the soluble proteins was diluted 1:3 in lOmM Tris-HCl pH8.0 
(equilibration buffer) and loaded onto a pre-equilibrated Q-Sepharose column (2.5cm i.d. x 
30cm h.) at a flow rate of 900ml/h. After washing with equilibration buffer until a stable 
A 2 80nm baseline had been achieved, protein was eluted with 20mM Tris-HCl pH8.0, 0.5M 
20 KC1, lOmM Imidazole. 



The eluate was then loaded onto a Ni-NTA (Qiagen) column (2.5cm i.d. x 6cm h.) pre- 
equilibrated in 20mM Tris pH8.0, 0.5M KC1, lOmM Imidazole at a flow rate of 2 ml/min. 
The column was washed successively with buffer A (20mM Tris pH8.0, 0.5M KCI, 20mM 

25 Imidazole), buffer B (lOOmM Tris-HCl pH8.0, 1M KCI), and buffer A again. Elution was 
performed with buffer C (20mM Tris-HCl pH8.0, lOOmM KCI, 0.5M Imidazole). The Ni- 
NTA eluate (~50ml) was concentrated (30kDa cut-off) to ~2ml and applied at 1 ml/min and 
in 0.2ml aliquots, to an FPLC Superdex-200 column equilibrated in lOmM HEPES, pH7.4, 
150mM NaCl. Fractions containing the polypeptide of SEQ ID No 9 were pooled. As 

30 shown in Figure 1 , the protein elution profile and associated [ 3 H]gabapentin binding 
activity is presented together with a silver-stained SDS-PAGE gel (post Ni NTA load of 
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Superdex-200) demonstrating the co-eiution of the ~130kDa band (a 2 5) with the 
[ 3 H]gabapentin binding activity and A 28 on m profile. 

Example 6 

5 SPA assay of foilgabape ntin binding to soluble norcine OhS-lh-fiHk 

The assay was carried out at 21°C. Assay components were added in the following order 
(all reagents were diluted in lOmM HEPES (pH 7.4 at 21°C) to 96- well Optiplates: 

25u.l imidazole at various concentrations (diluted from a 1M stock 
pH8.0, see assay details) 
'0 50uJ lOmM HEPES pH 7.4 

25ul (50mg) SPA beads (Amersham) 

lOOul s-a 2 8-lb-6His of SEQ ID No 9 (2^1 protein diluted to lOOul) 
obtained from example 5 

25ul radioligand ([ 3 H]gabapentin ) 
1 5 Immediately after adding radioligand, the optiplates were loaded in the Packard Top Count 
scintillation counter to follow the binding time course. Imidazole was first used in the 
assay to optimize the specific interaction of the protein's 6His tag with the SPA bead. 
Imidazole itself (up to lOOmM) in the filtration assay has no effect on [ 3 H]gabapentin 
binding (n=l). 



As shown in figure 2, specific binding of [ 3 H]gabapentin to the s-cc 2 5-lb-6His was 
enhanced by imidazole. Of the concentrations, tested the optimal was 50mM. Equilibration 
was reached after ~2hours. 



25 Example 7 

Ni Flashplate assay of f 3 H1gabapent in binding to soluble porcine q?5-lh-6His rSF.Q 
ID No 9) — — 

Assays were carried out at 21°C in a final volume of 250ul in 96- well NEN Ni chelate 
flash plates. Assay components were added in the following order (all reagents were 
30 diluted in lOmM HEPES (pH 7.4 at 21 °Q): 

25ul lOmM HEPES pH7.4 
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25pl imidazole at various concentrations (diluted from a 1M stock 

pH8.0, see assay details) 
75^1 10mMHEPESpH7.4 

lOOul s-a 2 8-lb-6His (2ul protein diluted to 1 00(^1) obtained from 
5 example 5 

25|il radioligand ([ 3 H]gabapentin) 

Immediately after adding the radioligand, flash plates were loaded in the Packard Top 
Count scintillation counter to follow the binding time course. The '[ 3 H] flash plate' 
1 0 programme (cpm) was used to monitor activity. Imidazole was first used in the assay to 
optimize the specific interaction of the protein's 6His tag with the Ni flashplate. Imidazole 
itself (up to lOOmM) in the filtration assay has no effect on [ 3 H]gabapentin binding (n=l). 

As shown in figure 3, the specific binding of [ 3 H]gabapentin to the s-cc 2 o-lb-6His was 
1 5 enhanced by imidazole. Initially, from the concentrations tested, the best concentration was 
found to be lOmM. 

Specific binding was determined at different volumes of s-oc 2 5-1b-6His, in the presence of 
lOmM imidazole, over a time period of lOh. Results are shown in figure 4 and equilibrium 
was reached at ~3h. Specific binding increased linearly with increasing amounts of protein, 
20 up to 8ul, after which the binding capacity of the Ni chelate in the assay well was probably 
exceeded (see figure 5). The published maximum binding capacity of NEN plates is 
6pmol/well. The concentration of purified s-a 2 5-lb-6His is estimated at ~0.6pmol/^il, 
which yields 5pmol/well at 8|Xl. 



Table 2 

Saturation studies 



in 



Saturation experiments were performed with 1 2 duplicate data points, [ 3 H]gabapenti 
30 concentration ranged from ~1 to 350nM. Data was analyzed using KEL-RADLIG for 
Windows. 
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Flash olate 

(2|iil protein used, n=2) 


Filter binding 

KD(nm) 

(4|al protein used, n=3) 


K D , 10.5nM 
Mean = 9.91nM 


K D , 12.3nM 
K D , 8.91 nM 
K D , 10.6nM 

Mean = 10.60 + 0.98nM 
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Example 8 

Ni Flas hplate assay of ^HILeucine binding to soluble porcine «,8.1h.fiHk 

The procedure described in example 2 was repeated, except that [ 3 H]gabapentin was 
replaced by 25 pj (10. 1 nM) of [ 3 H]Leucine, as shown in figure 8, [ 3 H]Leucine binds with 
high affinity to soluble oc 2 5- 1 b-6His. This demonstrates that it is possible to use 
commercially available forms of [ 3 H]Leucine in replacement of [ 3 H]gabapentin in the 

assay. 



Example 9 

10 Ni Flashplate assay studying competitive bindi ng of fSHIPahapentin. (S+H-isnhnty l 
GABA and (R-).3.i S obutvl GABA to porcine rt,8-lb-6His (SEC; IT) Nn 0) 

Assays were carried out at 21 °C in a final volume of 250ul in 96-weIl NEN Ni chelate 
flash plates. Wells were set up for both 'total' and 'non-specific' binding. Specific binding 
1 5 was defined as that remaining after subtraction of the average of the 'non-specific binding' 
values from the average of the 'total' binding values. Assay components were added in the 
following order (all reagents were diluted in lOmM HEPES (pH 7.4 at 21 °Q): 

25ul 1 OmM HEPES pH7.4 or 25 ul of the test compound at the 
appropriate concentration in HEPES 
20 25 "J 200 mM imidazole (diluted from a 1 M stock pH8.0, see 

assay details) 
Total binding 75|il 1 OmM HEPES pH 7.4 

Non-specific binding 50pl 1 OmM HEPES pH 7.4 and 25pl lOOuM (S+)-3-isobutyl 

GABA 

25 lOOjiI s-a 2 6-lb-6His (2uJ protein* diluted to lOOui) 

25pl radioligand ([ 3 H]gabapentin or [ 3 H]Leucine) 

* The source of s-a 2 5- 1 b-6His was that purified by FPLC Superdex-200 gel filtration (see 
example 5) 

30 Immediately after adding radioligand, flash plates were loaded in the Packard Top Count 
scintillation counter to follow the binding time course. Incubation time before the assay 



Utility Application 



A0000179-C1-66-; 



25 



was 3 hours. The '[ 3 H] flash plate' programme (cpm) was used to monitor activity. 
Specific binding was -98% of the 'total' value. Imidazole was used in the assay to 
optimize the specific interaction of the protein's 6His tag with the Ni flashplate. Imidazole 
itself (up to lOOmM) in the filtration assay has no effect on [ 3 H]gabapentin binding (n=l). 

Competition studies were compared across the flash-plate and filter binding methodologies 
in order to validate the new assay technology with the established filter binding 
methodology. 

GraphPad Prism software was used to process competition curve data and determine IC 50 
and hill slope values. Twelve point competition curves with half log dilution steps of test 
compounds were used in the experiments. Results are shown in Table 3 below where IC50 
values are presented, and in figure 9 where hill slopes range from -0.9 to 1.3. The 
[ 3 H]Gabapentin concentration used in assay is in the range of 10-13nM 

Table 3 

Competition studies: 

GraphPad Prism software was used to process competition curve data and determine IC 50 
and hill slope values. Ten point competition curves with half log dilution steps of test 
compounds were used in the experiments. 

IC 50 values were converted to Ki values (presented in table) according to the following 
equation: 

Ki = IC 50 /(l+[L]/K D ) 

The K D values used were those mean values presented in table 1 . 

The [ 3 H]Gabapentin concentration in the assay ranged from 10-13nM and was determined 
for each experiment for the purpose of calculating the Ki value as described above. 
Hill slopes were all in the range of -0.9 to 1.3 
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Tpct rnmnnnnrl 
J. cat vlMlIIJUUIlU 


riasti Dlate 


Filter binding 




(3(11 protein used, n=2) 


K D (nm) 






(4jll1 protein used, n=3) 


Gabapentin 


10.4 


7.13 




7.97 


7.70 






10.2 




y.iufiiYi 


7.84nM 


(S+)-3-isobutyl GABA 


10.9 


6.52 




7.58 


6.21 






8 29 


Mean (geometric) 


9.09nM 


6.95nM 


(R-)-3-isobtyl GABA 


157 


78.4 




207 


64.2 






107 


Mean (geometric) 


180nM 


81.5nM 



Example 10 

Filter binding assay of r 3 Hlgabapentin binding to the recombinant polypeptide of 
SEP ID No 9 

Assays were carried out at 21°C in a final volume of 250ul in 96-deep well plates. Assay 
components were (all reagents were diluted in lOmM HEPES (pH 7.4 at 21°C)): 
25p.l compound to test 

200(il Polypeptide of SEQ ID No 9 (3(ll protein diluted to 200pJ) 
25ul radioligand ([ 3 H]gabapentin (65Ci/mmole) 

Plates were incubated at room temperature for lh prior to filtering on to 96-well GF/B 
Unifi Iter plates pre-soaked in 0.3% polyethylenimine. Filters were washed with 3xlml 
50mM Tris-HCl (pH 7.4 at 4°C), and dried over-night. Scintillant (Microscint O, 50p.l) ws 
added and the plates counted using a Packard Top Count scintillation counter. Specific 
binding was -98% of the 'total' value. In [ 3 H]gabapentin saturation studies, the K D (nM) 
obtained was about 1 0.62. 
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